
CONTRACT NO. 93-
FINAL REPO 

FEBRUARY 1 

Atmospheric Deposition to 
Agricultural Soil 



Atmospheric Deposition to Agricultural Soil 

Final Report 

Contract No. 93-334 

Prepared for: 

California Air Resources Board 
Research Division 

2020 L Street 
Sacramento, California 95814 

Prepared by: 

Randall Mutters 
Principal Investigator 

Statewide Air Pollution Research Center 
University of California 

Riverside, California 92521 

February 1995 





DISCLAIMER 

The statements and conclusions in this report are those of the contractor and not 
necessarily those of the California Air Resources Doard. The mention of commercial products, 
their source or use in connection with materials reported herein is not to be construed as either 
an actual or implied endorsement of such products. 

ACKNOWLEDGEMENTS 

The author wishes to thank all those who contributed to this project. Among these arc 
Brent Takemoto, California Air Resources Doard; Stuart Petty grove, University of California, 
Davis; Marty Martino, IMPACT Weather Database, University of California, Davis; and Justin 
Greene, Statewide Air Pollution Research Center. This final report was submitted in partial 
fulfillment of Research Division Contract Number 93-334 titled "Afmospheric Deposition to 
Agricultural Soil" by the University of California, Riverside, under the sponsorship of the 
California Air Resources Ooard. The report was completed as of Pebruary, 1995. 

2 





ABSTRACT 

Atmospheric deposition of acidic air pollutants is widely recognized as an important 
environmental process. Most available data indicate that current levels of acidic deposition in 
California are below the levels required to adversely effect the yield of agricultural crops. 
However, excessive deposition of nutrient ions to soil may predispose plants to injury from other 
abiotic and biotic stresses. It was unknown whether current levels of acidic deposition exceed the 
growth requirements for any essential plant nutrients. Therefore, the objective of the study was 
to equate annual fluxes of dry and wet deposition to the nutritional requireml:nts of major crops. 

Aerometric data from a previously completed Air Resources Iloard (ARO) project (No. 
A 132-149) were used to calculate atmospheric inputs and estimate regional-scale deposition flux 
across selected agricultural production areas in the state. Mean annual depositions of wet and 
dry acidic compounds from all monitoring stations were included in the data. Average fertilizer 
application rates were determined for I 6 selected crops by agricultural region based on 
information from the University of California, Cooperative Extension Service. Typical amounts 
of nutrients taken up in the aboveground biomass on a seasonal basis were determined from 
published experimental results. Deposition fluxes were determined by using published specie
specific deposition velocities for dry compounds and using precipitation data for wet compounds. 
For those agricultural counties where monitoring stations were present,. acidic deposition data 
were used to calculate: (I) Total Annual Deposition (TAD) of nitrogen (N), sulfur (S), and 
calcium (Ca); (2) TAD as a percentage of the fertilizer applied; and (3) TAD as a percentage of 
nutrients taken up during the growing season. Dry deposition data were available from only 
two stations near agricultural areas, Sacramento and Bakersfield. In those counties, dry 
deposition was included in the seasonal totals. 

The TAD of N ranged < I to 14.4 kg ha· 1 on a county basis statewide. The highest 
deposition occurred in Kern county and the lowest in the coastal counties of Monterey and San 
Luis Obispo. Atmospheric deposition of N as a percentage of the fertilizer applied by growers 
ranged from 0.2% to 28% for lemon in San Luis Obispo county and for grape in Kern county, 
respectively. In contrast, TAD represented only 0.2% to 16% of seasonal N uptake by crops. 
Where dry deposition data were available, it represented approximately 8% to 15% of the TAD. 
The TAD of S ranged from 0.4 kg ha·' in Contra Costa county to a high of 2.4 kg ha· 1 in Kern 
county. This represented as much as 18% of the seasonal nutrient uptake of S by lettuce in Kern 
county. Sulfur is not routinely added as a fertilizer by California growers. Therefore, TAD as 
a percentage of applied fertilizer was not calculated. Similarly, California soil generally do not 
require amendment with Ca. The TAD of Ca represented < 2% of the seasonal nutrient uptake 
of the selected crops in all counties. Of those species typically measured in dry and wet 
deposition, only Nat a few locations may represent a potential contributor to excessive nutrient 
loading to soil in California. 
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Table 7. Statewide Average Annual Fertilizer Application 
Rates (kg ha· 1 

) to Selected Crops in California"' 

Crop N l'20J KP 
19 

OM 

3 
-

Alfalfa 20 76' 

Bean (Dry) 51 28 8 <I 

Corn 170 53 29 
' 

3 

Cotton 109 42 100 7 

Grape -- Raisin 58 19 21 4 

Grape -- Table 56 19 25 6 

Grape ~- Wine/Juice 53 20 112 2 

Grapefruit 154 43 29 2 

Lemon 166 34 99 ' 2 

Leltucc 159 93 48 4 

Orange 123 38 31 2 

Peach- 129 21 78 I 

Rice 86 37 10 ---

Tangerine 142 33 17 2 

Tomato 142 80 55 2 

Wheat -- I rrigatcd 104 33 3 3 

Wheat -- Unirrigatcd 42 33 I I 

• Cu is not gcncrnlly applied to soil in Cnliforniu 

ScaJ>!lJrn! Nutrient Uptake in the Aboveground Biomass of Selected Crops: Total amount of 
nutrients taken up by crops of interest during the growing season arc presented in Table 8 
(Kardos, cl al., 1977; Eaton and Ergle, 1957; Western Fertilizer Handbook, 1985). Uptake (kg 
ha. 1) was dctermi11ed 'based on typical planting densities used on California farms. The bulk 
nutrient uptake in excess of applied quantities are supplied by elemental fixation by the plant, and 
mineralization, decomposition, and weathering processes in soil. 
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RESULTS AND DISCUSSION 

Annual wet deposition of N ranged from 0.8 to 2.5 kg ha· 1 in Monterey and Sacramento 
counties, respectively (Table 9). In contrast for the two counties considered, dry deposition added 
8.6 kg N ha· 1 to the soil in Sacramento county and 14.4 kg N ha· 1 in Kern county. The TAD was 
substantially less in counties where dry deposition data were unavailable. The large difference 
may be attributable to the seasonal anthropomorphic activities and factors innuencing airborne 
particulate matter. Wet deposition occurs predominantly from November to April in much of 
state. Moist conditions generally minimize airborne particulate matter. The amount of l'M 10 

associated acid particles would thus be less during the winter. 

ln rural areas, agricultural activity is at a low during the wet season. Dry deposition 
occurs in the summer growing season, when agricultural activity is at a peak. Volatilization of 
N fertilizers may significantly contribute to atmospheric concentrations of NH 1 and Nil/ in 
localized areas. Depending on wind conditions and associated transport patterns, dry deposition 
could conceivably represent a recycling of N which originated from local area soil. Under such 
circumstances, estimates of N loading in relation to agricultural · operations may be an 
overestimate, because the dry deposition originated initially from the fertilizer application. 

The previous point aside, acid deposition represented from 0.2% to about 28% of the N 
typically applied as fertilizer to lemon in San Luis Obispo and to grape in Kern counties, 
respectively. This exemplifies a reoccurring pattern throughout the data set where inland areas 
experience high levels of deposition, while levels remain low in the coastal counties. The TAD 
was proportional to only 0.4% of N uptake by tomato in Monterey county. However in Kern 
county, N deposition was equivalent to over 14% of N taken up by lettuce. 

Sulfur is seldom applied as a fertilizer in California. Consequently, acidic deposition was 
considered only in the context of crop uptake (Table I0). Similar to N, annual dry deposition 
of S (1.7 kg S ha. 1) was considerably higher than wet deposition (0.6 kg S ha- 1

). The TAD (2.4 
kg Sha·') corresponded to as little as 0.7% of wheat uptake in Siskiyou county and as much as 
18% of S uptake by lettuce in Kern county. 

The TAD of Ca was substantially less than either Nor S (Table 11). The TAD ranged 
from 0.3 to 0.7 kg Ca ha·' in Monterey and San nernardino counties, respectively. Atmospheric 
deposition of Ca represented less than 3% of plant uptake for all crops in all counties. In terms 
of plant nutrition or as a potential soil pH buffer, Ca appeared to be inconsequential. No 
environmental consequences would be expected. 
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Table 9. Total N from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

Nin Annual Annual Portion of Portion Portion ofApplied 

County Crop Added as Aboveground Wet Dry Total Fertili::er of Fertili::er Supplied 
Fertili::er* Biomass** Deposition Deposition Deposition Applied Uptake by Dry Deposition 

kg ha·' % 

Contra Costa Com 170 240 1.3 - 1.3 0.8 0.6 -
Contra Costa Grape 56 125 1.3 --- 1.3 2.4 I.I --

Contra Costa Peach 129 95 1.3 -- 1.3 1.0 1.4 ---
Contra Costa Tomato 142 180 1.3 --- 1.3 0.9 0.7 --
Contra Costa Wheat 104 175 1.3 --- 1.3 1.3 0.8 ---

Kern Corn 170 240 1.3 14.4 15.7 9.2 6.5 8.5 

Kern Cotton 109 180 1.3 14.4 15.7 14.3 8.7 13.2 

Kern Grapefruit 154 --- 1.3 14.4 15.7 10.2 *** 9.3 

Kern Grape 56 125 1.3 14.4 15.7 27.9 12.5 25.7 

Kern Lemon 166 --- 1.3 14.4 15.7 9.4 *** 8.7 

Kern Lettuce 159 95 1.3 14.4 15.7 9.9 16.5 9.0 

Kern Orange 123 265 1.3 14.4 15.7 12.7 5.9 11.7 

Kern Peach 129 95 1.3 14.4 15.7 12.1 16.5 I I.I 

Kern Rice 86 110 1.3 14.4 15.7 18.2 14.2 16.7 

Kern Tomato 142 180 1.3 14.4 15.7 I 1.0 8.7 10.1 

Kern Wheat 104 175 1.3 14.4 15.7 15.1 8.9 13.8 

Lake Grape 56 125 1.2 --- 1.2 2.2 0.9 --
Lake Wheat 104 175 1.2 --- 1.2 1.2 0.7 ---
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Table 9 (Continued). Total N from Annospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

--= 

County 

San Bernardino 

San Bernardino 

San Bernardino 

San Diego 

San Diego 

San Diego 

San Diego 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

Siskiyou 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Crop 

Lemon 

Lettuce 

Orange 

Grapefruit 

Grape 

Lemon 

Orange 

Grape 

Lemon 

Lettuce 

Orange 

Wheat 

Wheat 

Corn 

Cotton 

Grapefruit 

Grape 

Lemon 

Added as 
Ferrili::er* 

166 

159 

123 

154 

56 

166 

123 

56 

166 

159 

123 

104 

104 

170 

109 1, 

154 

56 

166 

Nin 
Aboveground 

Biomass•• 

-
95 

265 

125 

265 

125 

95 

265 

175 

175 

240 

180 

p-_:, 

Annual 
Wet 

Deposition 

kg ha·' 

__:,-? 

2.5 

2.5 

1.0 

1.0 

1.0 

1.0 

0.4 

0.4 

0.4 

0.4 

0.4 

0.6 

2.4 

2.4 

2.4 

2.4 

2.4 

Annual 
Dry 

Deposition 

-

Total 
Deposition 

2.5 

2.5 

2.5 

1.0 

1.0 

1.0 

1.0 

0.4 

0.4 

0.4 

0.4 

0.4 

0.6 

2.4 

2.4 

2.4 

2.4 

2.4 

Portion of 
Fertili::er 
Applied 

1.5 

1.5 

2.0 

0.7 

1.8 

0.6 

0.8 

0.7 

0.2 

0.2 

0.3 

0.4 

0.6 

1.4 

2.2 

1.6 

4.3 

1.4 

Portion 
of 

Uptake 

% ... 
2.6 

0.9 

0.8 

0.4 

0.3 ... 
0.4 

0.1 

0.2 

0.3 

1.0 

1.3 ... 
1.9 

... 

Portion ofApplied 
Fertili::er Supplied 
b_v Dry Deposition 

-

-

-
-
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Table 9 (Continued). Total N from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

County Crop Added as 
Fertili=er• 

Nin 
Aboveground 

Biomass•• 

Annual 
Wet 

Deposition 

Annual 
Dry 

Deposition 
Total 

Deposition 

Portion of 
F ertili::er 
Applied 

Portion 
of 

Uptake 

Portion ofApplied 
Fertili=er Supplied 
by Dry Deposition 

kg ha·1 % 

Monterey Grape 56 125 0.8 --- 0.8 1.4 0.7 --
Monterey Lettuce 159 95 0.8 --- 0.8 0.5 0.8 ---
Monterey Tomato 142 180 0.8 --- 0.8 0.5 0.4 ---

Monterey Wheat 104 175 0.8 --- 0.8 0.8 0.4 ---
Napa Grape 56 125 1.5 --- 1.5 2.7 1.2 --

Orange Grapefruit 154 --- 1.1 --- I.] 0.7 ** ---
Orange Lemon 166 --- 1.1 --- I.] 0.7 •• -
Orange Lettuce 159 95 I.I --- l.J 0.7 1.2 --
Orange Orange 123 265 I.I --- l.J 0.9 0.4 ---
Orange Tomato 142 180 I.I --- l.J 0.8 0.6 ---

Sacramento Corn 170 240 2.5 8.6 I l.J 6.5 4.6 5.0 

Sacramento Grape 56 125 2.5 8.6 I 1.1 19.8 8.8 15.3 

Sacramento Lettuce 159 95 2.5 8.6 11.J 6.9 11.6 5.4 

Sacramento Rice 86 110 2.5 8.6 11.1 12.9 IO.I 9.9 

Sacramento Tomato 142 180 2.5 8.6 11.1 7.8 6.1 6.0 

Sacramento Wheat 104 175 2.5 8.6 11.J 10.6 6.3 8.3 

San Bernardino Grapefruit 154 - 2.5 -- 2.5 1.6 *** -
San Bernardino Grape 56 125 2.5 - 2.5 4.4 1.9 -



CONCLUSIONS 

Atmospheric N appeared to contribute as much as 28% of the traditionally applied 
fertilizer in Kern county. The complexities of N cycling, however, between the soil and 
atmosphere in agricultural areas are not well-understood. Estimated N flux may in fact 
represent the redeposition of volatilized N originating from applied fertilizers. Therefore, 
recommendations to reduce current fertilizer application rates are premature until the 
localized N cycling is better quantified. Regardless, based upon the current analyses, only 
N among nutrient elements present in acidic deposition may pose a potential for excessive 
nutrient loading to the agricultural soil of California. 

RECOMMENDATIONS 

The soil fertility-related statistics derived from this project are complementary to 
the statewide digital soil database archived at the Statewide Air Pollution Research Center 
(SAPRC). The continued development of a Geographic Information System (GIS) soil 
data management system strengthens the ability of administrators and researchers lo 
access, critically analyze, and visualize soil related information as it relates to air quality. 
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Table I0. Total S from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

County Crop Added as 
Ferrili::er* 

Sin 
Aboveground 
Biomass•• 

Annual 
Wet 

Deposition 

Annual 
Dry 

Deposition 
Total 

Deposition 

Portion of 
Fertili::er 
Applied 

Portion 
of 

Uptake 

Portion ofApplied 
Ferrili::er Supplied 
by Dry Deposition 

kg ha·' % 

Contra Costa Alfalfa 0 41 0.4 -- 0.4 •• 1.0 --
Contra Costa Com 0 44 0.4 --- 0.4 •• 0.9 ---

Contra Costa Grape 0 20 0.4 --- 0.4 •• 2.1 ---
Contra Costa Peach 0 17 0.4 -- 0.4 •• 2.4 ---

Contra Costa Tomato 0 22 0.4 --- 0.4 •• 1.9 ---

Contra Costa Wheat 0 31 0.4 --- 0.4 •• 1.3 ---

Kem Alfalfa 0 41 0.7 1.7 2.4 •• 5.8 ... 
Kem Bean 0 17 0.7 1.7 2.4 .. 13.9 ••• 

Kem Com 0 44 0.7 1.7 2.4 •• 5.4 ••• 

Kern Cotton 0 28 0.7 1.7 2.4 •• 8.5 ••• 

Kem Grapefruit 0 --- 0.7 1.7 2.4 •• •• ••• 

Kem Grape 0 20 0.7 1.7 2.4 •• 11.9 ... 
Kern Lemon 0 --- 0.7 1.7 2.4 •• •• ••• 

Kern Lettuce 0 13 0.7 1.7 2.4 •• 18.2 ••• 

Kern Orange 0 24 0.7 1.7 2.4 •• 9.9 ••• 

Kern Peach 0 17 0.7 1.7 2.4 •• 13.9 ••• 

Kern Rice 0 26 0.7 1.7 2.4 •• 9 .I ••• 
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Table 10 (Continued). Total S from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

Coumy Crop 
Sin Annual Annual Portion of Portion Portion ofApplied 

Added as Aboveground IYer DI)' Total Fertili=er of F ertili=er Supplied 
Fertili=er* Biomass•• Deposition Deposition Deposition Applied Uprake by Dry Deposition 

------- kg ha·' --------- % 

Kem Tomato 0 22 0.7 1.7 2.4 •• 10.8 *** 

Kem Wheat 0 31 0.7 1.7 2.4 ** 7.6 ••• 

Lake Alfalfa 0 41 0.6 --- 0.6 ** 1.4 ---

Lake Grape 0 20 0.6 --- 0.6 •• 2.8 ---
Lake Wheat 0 31 0.6 --- 0.6 •• 1.8 ---
Monterey Alfalfa 0 41 0.5 --- 0.5 ** 1.1 ---
Monterey Bean 0 17 0.5 --- 0.5 ** 2.6 ---

Monterey Grape 0 20 0.5 --- 0.5 ** 2.3 ---

Monterey Lettuce 0 13 0.5 --- 0.5 •• 3.5 ---
Monterey Tomato 

Monterey \l{heat 

Napa Grape 

Orange Bean 

Orange Grapefruit 

Orange Lemon 

Orange Lettuce 

Orange Orange 

Orange Tomato 

0 22 0.5 --- 0.5 •• 2.1 ---

0 31 0.5 --- 0.5 ** 1.5 ---

0 20 I.I --- 1.1 ** 5.7 ---
0 17 0.6 --- 0.6 ** 3.6 ---

0 --- 0.6 -- 0.6 ** ** -

0 --- 0.6 --- 0.6 ** ** ---

0 13 0.6 -- 0.6 ** 4.8 -

0 24 0.6 - 0.6 ** 2.6 -
0 22 0.6 - 0.6 •• 2.8 -



•• ••• 

•• ••• 

•• • •• 

•• ••• 
•• • •• 

•• 

•• 

•• • •• 
--- ---

--- --- •• ---

--- •• ---

--- --- •• •• ---

--- •• ---

--- •• ---

--- --- •• ---
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Table IO (Continued). Total S from Atmospheric Deposition in Relation to Common Fenilization Practices and Plant Nutrient Content 

Sin Annual Annual Portion of Portion Portion ofApplied 
Aboveground WerAdded as Dry Tora!Crop Fertili::er ofCounry Fertili::er Supplied 

Biomass••F ertilt:er• Deposition Deposition Deposition Applied Uptake by Dry Deposition 

kg ha·' % 

Sacramento 41 0.70Alfalfa 0.8 1.5 3.7 

Sacramento 0 17 0.7Bean 0.8 1.5 8.9 

Sacramento 44 0.7Com 0 0.8 1.5 3.5 

Sacramento 20 0.7 0.8Grape 0 1.5 7.6 

Sacramento 0.7Lettuce 13 0.80 1.5 11.7 

...26 0.7Rice 0.8Sacramento 0 1.5 5.8 ...22 0.7Tomato 0 0.8Sacramento 6.9 

Sacramento 

1.5 

31Wheat 0.7 0.80 1.5 4.9 

..41 0.7Alfalfa 0 0.7San Bernardino 1.7 ..0.7Grapefruit 0San Bernardino 0.7 

San Bernardino 20 0.7Grape 0 0.7 3.5 

San Bernardino 0.7Lemon 0 0.7 

San Bernardino 13 0.7Lettuce 0.70 5.3 

San Bernardino 24 0.7Orange 0 0.7 2.9 ..0.8Grapefruit 0 0.8 

San Diego 

San Diego 

20 0.8 0.8Grape 0 3.8 

San Diego 0.8Lemon 0 0.8 
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Table IO (Continued). Total S from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

N 
V, 

County 

San Diego 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

Siskiyou 

Siskiyou 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Crop 

Orange 

Alfalfa 

Grape 

Lemon 

Lettuce 

Orange 

\\'beat 

Alfalfa 

\\·beat 

Alfalfa 

Bean 

Corn 

Cotton 

Grapefruit 

Grape 

Lemon 

Added as 
Fertili=er• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sin 
Aboveground 

Biomass•• 

24 

41 

20 

13 

24 

31 

41 

31 

41 

17 

44 

28 

-
20 

Annual 
Wet 

Deposition 

kg ha·' 

0.8 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.2 

0.2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Annual 
Dry 

Deposition 

-

-

Total 
Deposition 

0.8 

0.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.2 

0.2 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Portion of 
Fertili=er 
Applied 

.. 
** .. 

.. 

.. 
** 

.. 

Portion 
of 

Uptake 

% 

3.2 

1.4 

2.9 ... 
4.4 

2.4 

1.8 

0.6 

0.7 

1.3 

3.1 

1.2 

1.9 

*** 

2.7 

... 

Portion ofApplied 
Fertili=er Supplied 
by Dry Deposition 

-
-
-



--- •• --
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Table IO (Continued). Total S from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

Sin Annual Annual Portion of Portion Portion ofApplied 
Aboveground Wet Dry TotalCrop Added as Fenili=erCounty of Fenili=er Supplied 

Fenili=er* Biomass** Deposition Deposition Deposition Applied Uptake b_v Dry Deposition 

kg ha·' % 

240 0.5 0.5Orange 2.2Tulare 

0 17 0.5Peach 0.5Tulare 3.1 

Wheat 0 31 0.5 0.5Tulare 1.7 

In California. S is only applied as a trace contaminant in other fertilizers 

S in the baivested port.ion of th..:- crop (Western Fertilizer Handbook. 1985) 

Insufficient dala 

N 
c-

Not applicable 
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Table 11. Total Ca from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

County Crop Added as 
Fertili=er* 

Ca in 
Aboveground 

Biomass** 

Annual 
Wet 

Deposition 

Annual 
Dry 

Deposition 
Total 

Deposition 

Portion of 
F ertili::er 
Applied 

Portion 
of 

Uptake 

Portion ofApplied 
Fertili.=er Supplied 
by Dry Deposition 

kg ha·1 % 

Contra Costa Alfalfa 0 100 0.4 - 0.4 •• 0.4 ---

Contra Costa Com 0 20 0.4 - 0.4 •• 1.8 ---

Contra Costa Grape 0 -- 0.4 -- 0.4 •• ... ---

Contra Costa Peach 0 --- 0.4 --- 0.4 .. *** ---

Contra Costa Tomato 0 --- 0.4 --- 0.4 •• *** ---

Contra Costa Wheat 0 20 0.4 --- 0.4 •• 1.8 ---

Kem Alfalfa 0 100 0.4 --- 0.4 ** 0.4 ---

Kem Bean 0 100 0.4 --- 0.4 •• 0.4 ---

Kem Com 0 20 0.4 --- 0.4 ** 2.1 ---

Kem Cotton 0 150 0.4 --- 0.4 •• 0.3 ---

Kem Grapefruit 0 -- 0.4 -- 0.4 •• ... ---

Kem Grape 0 --- 0.4 --- 0.4 ** *** ---

Kem Lemon 0 -- 0.4 --- 0.4 •• ... ---

Kem Lettuce 0 --- 0.4 --- 0.4 •• ... ---

Kem Orange 0 --- 0.4 --- 0.4 •• ... ---
Kem Peach 0 -- 0.4 --- 0.4 •• ••• ---

Kem Rice 0 20 0.4 -- 0.4 •• 2.1 ---

Kem Tomato 0 -- 0.4 --- 0.4 •• ... ---
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Table 11 (Continued). Total Ca from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

Ca in Annual Annual Portion of Portion Portion ofApplied 
Crop Added as Aboveground rVet Dry Total Fenili=erCoullly of Fenili=er Supplied 

F ertili=er• Biomass•• AppliedDeposition Deposition Deposition Uptake by Dry Deposition 

kg ha·' % 

Contra Costa 0 100 0.4 0.4 0.4 

Lake 

Alfalfa 

Alfalfa 0 100 0.4 0.4 

Lake 

0.4 

Grape 0 0.4 0.4 

Lake Wheat 0 20 0.4 2.1 

Monterey 

0.4 

Alfalfa 1000 0.3 0.3 0.3 

Monterey Bean 0 100 0.3 OJ 0.3 

Monterey 0Grape OJ OJ ...Lettuce 0 OJMonterey 0.3 

Monterey Tomato 0 OJ OJ 

Monterey Wheat 0 20 0.3 OJ 1.7 

Napa 0Grape 0.5 0.5 

Orange Bean 0 100 0.4 0.4 

Orange 

0.4 

Grapefruit 0 0.4 0.4 -
Lemon 0 0.4 0.4 

Orange 

Orange - -
0Lettuce 0.4 0.4- -

0.4 0.4Orange 0Orange - - -
Tomato 0.4 0.40Orange - --

100 0.4 0.4Alfalfa 0 0.4 -Sacramento - ** 
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Table I I (Continued). Total Ca from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

County Crop Added as 
Fertili:er* 

Ca in Annual 
Aboveground Wet 

Biomass** Deposition 

Annual 
Dry 

Deposition 
Total 

Deposition 

Portion of 
Fertili=er 
Applied 

Portion 
of 

Uptake 

Portion ofApplied 
F ertili=er Supplied 
by Dry Deposition 

kg ha·' % 

Sacramento Bean 0 100 0.4 --- 0.4 •• 0.4 -
Sacramento Com 0 20 0.4 --- 0.4 •• 2.1 --
Sacramento Grape 0 -- 0.4 --- 0.4 •• ... ---
Sacramento Lettuce 0 --- 0.4 --- 0.4 •• ... ---

Sacramento Rice 0 20 0.4 --- 0.4 .. 2.1 ---

Sacramento Tomato 0 --- 0.4 --- 0.4 •• ... ---

Sacramento Wheat 0 20 0.4 --- 0.4 •• 2.1 ---

San Bernardino Alfalfa 0 100 0.7 --- 0.7 .. 0.7 ---

San Bernardino Grapefruit 0 --- 0.7 --- 0.7 •• ... ---
San Bernardino Grape 0 --- 0.7 --- 0.7 •• ... ---

San Bernardino Lemon 0 --- 0.7 --- 0.7 •• ••• ---
San Bernardino Lettuce 0 --- 0.7 --- 0.7 .. ... ---

San Bernardino Orange 0 --- 0.7 --- 0.7 •• ... ---
San Diego Grapefruit 0 --- 0.8 --- 0.8 .. ... ---

San Diego Grape 0 --- 0.8 --- 0.8 •• ... ---

San Diego Lemon 0 --- 0.8 --- 0.8 •• ••• --
San Diego Orange 0 -- 0.8 --- 0.8 •• ••• ---

San Luis Obispo Alfalfa 0 100 0.4 --- 0.4 •• 0.4 ---
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Table 11 (Continued). Total Ca from Aonospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

.... 
0 

County 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

Siskiyou 

Siskiyou 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Tulare 

Crop 

Grape 

Lemon 

Lettuce 

Orange 

Wheat 

Alfalfa 

Wheat 

Alfalfa 

Bean 

Corn 

Conon 

Grapefruit 

Grape 

Lemon 

Orange 

Peach 

Added as 
F ertili=er• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ca in 
Aboveground 
Biomass** 

20 

100 

20 

100 

100 

20 

150 

-

-
-

Annual 
Wet 

Deposition 

kg ha·' 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 

0.3 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Annual 
Dry 

Deposition 
Total 

Deposition 

0.4 

0.4 

0.4 

0.4 

0.4 

0.3 

0.3 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Portion of 
Fertifi=er 
Applied 

.. 

** 

** 

** 

Portion 
of 

Uptake 

% 

... 
2.1 

0.3 

1.3 

0.5 

0.5 

2.5 

0.3 

*** 

*** 

... 

Portion ofApplied 
Fern"fi=er Supplied 
by Dry Deposition 

-
-

-



Table I I (Continued). Total Ca from Atmospheric Deposition in Relation to Common Fertilization Practices and Plant Nutrient Content 

County Crop Added as 
F ertilt:er• 

Ca in 
Aboveground 

Biomass•• 

Annual 
Wet 

Deposition 

Annual 
Dry 

Deposition 
Total 

Deposition 

Portion of 
F ertili::er 
Applied 

Portion 
of 

Uptake 

Portion ofApplied 
Fenili::er Supplied 
by Dry Deposition 

kg ha·' % 

Tulare Wheat 0 20 0.5 -- 0.5 •• 2.5 ---

Ca is not applied 10 soil in California 

Ca in the harvesud portion of the crop (W~stern Fertilizer Handbook. 1985) 

Insufficient data 

Not applicabh: 

w 
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